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Abstract
Objective—This study examined if pairing a placebo with stimulant medication produces a placebo
response that allows children with ADHD to be maintained on a lower dose of stimulant medication.
Primary aim was to determine the efficacy, side effects and acceptability of a novel conditioned
placebo dose reduction (CPDR) procedure.
Method—Participants included 99 children ages 6 to 12 years with ADHD. After an initial double-
blind dose finding to identify optimal dose of mixed amphetamine salts (MAS), subjects were
randomly assigned to one of three treatments of eight weeks duration: (a) CPDR condition (50%
Reduced Dose/Placebo– RD/P) or (b) a dose reduction only condition (Reduced Dose - RD) or (c)
a no reduction condition (Full Dose–FD). The innovative CPDR procedure involved daily pairing
of MAS dose with a visually distinctive placebo capsule administered in open label, with full
disclosure of placebo use to subjects and parents.
Results—70 children completed the study. There were no differences in subject retention among
the three groups. Most subjects in the RD/P group remained stable during the treatment phase,
whereas most in the RD group deteriorated. There was no difference in control of ADHD symptoms
between the RD/P group and the FD group, and both RD/P and FD groups showed better ADHD
control than the RD group. Treatment emergent side effects were lowest in the RD/P group.
Conclusion—Pairing placebos with stimulant medication elicits a placebo response that allows
children with ADHD to be effectively treated on 50% of their optimal stimulant dose.
Attention deficit hyperactivity disorder (ADHD) is the most prevalent neurobehavioral
disorder in children, with prevalence estimates of 3–12%. Despite clear evidence of the
beneficial effects of stimulant therapy in the treatment of ADHD,1,2 there continue to be
Correspondence: Adrian D. Sandler, MD, Medical Director, Olson Huff Center, 11 Vanderbilt Park Drive, Asheville NC 28803. Tel
(828) 213-1780, FAX (828) 213-1785. adsandler@pol.net.
Authors Contributions and Signatures
I declare that I participated in the design and implementation of the study. I had full access to all the data in the study and I had final
responsibility for the decision to submit for publication. I am the primary author of the manuscript and I have seen and approved the final
version. I have no conflicts of interest to report.
Adrian Sandler
I declare that I participated in the design and implementation of the study. I have seen and approved the final version of the manuscript.
I have no conflicts of interest to report.
Corrine Glesne
I declare that I participated in the design of the study and data analysis. I contributed to the manuscript and I have seen and approved the




J Dev Behav Pediatr. Author manuscript; available in PMC 2011 June 1.
Published in final edited form as:













widespread concerns about over-utilization of stimulant therapy.3,4 Treatment-emergent side
effects are common 5,6 and their long-term significance is not fully known.4 Many parents
worry about short- and long-term side effects associated with stimulant therapy, and these
attitudinal factors contribute to non-adherence, premature stimulant discontinuation, and
consequently increasing morbidity. For these reasons, parents and professionals are united in
the desire to treat children with the lowest effective doses. 1,7
Strong placebo effects have been shown in clinical trials of treatments for several psychiatric
disorders, including depression, anxiety disorders and autism.8,9 Placebo response rates in
depression appear to be even higher in pediatric samples than in adult samples.10 Similarly,
high placebo response rates have been found in children with ADHD.4,11 Previous clinical
trials of stimulants show 30% of children with ADHD are clinical responders to placebo in
double-blind trials.2,11,12
There are no previous studies of open-label placebo in children. Brown (1994) proposed the
ethical use of open-label placebo as treatment for mild depression in adults.13 That paper
included some discussion about the extent to which placebo treatment may be ineffective if
both clinician and patient know the placebo is pharmacologically inactive. Only one published
study has examined the impact of patient’s knowledge of the placebo’s true nature, suggesting
that such knowledge did not preclude the possibility of beneficial response.14
Several studies have suggested that placebo effects may in part represent conditioning
phenomena and that learning processes may influence the response to placebo.15–17 In classical
(Pavlovian) conditioning, biologically neutral events associated with the administration of
pharmacologic agents can become conditioned stimuli capable of producing responses similar
to those produced by the active drugs. In behavioral terms, the pharmacological effect of a drug
is the unconditioned stimulus. The environmental or behavioral stimuli that are associated with
the administration of the drug the bottle, the distinctive taste and appearance of the pill– are
the conditioned stimuli. Repeated association of conditioned and unconditioned stimuli
eventually enables the conditioned stimuli to elicit a physiological or behavioral response that
is similar to the drug response.
The purpose of this proof-of-concept study was to determine if pairing a placebo with stimulant
medication produces a placebo response that allows children with ADHD to be treated
effectively with a lower dose of stimulant medication. Primary aim was to determine the
efficacy, side effects and acceptability of a novel conditioned placebo dose reduction (CPDR)
treatment. We hypothesized that (1) stimulant dose reduction plus CPDR will produce a
significantly smaller exacerbation of ADHD symptoms than will stimulant dose reduction, and




The Olson Huff Center is a regional hospital-based multidisciplinary evaluation and treatment
center serving children with developmental and behavioral problems in Asheville, NC. The
most prevalent diagnosis among children seen is ADHD. The prevalence of common comorbid
conditions such as anxiety disorders, depression, and specific learning disability among
children with ADHD seen at the Huff Center is similar to general child psychiatric clinics.
Our estimated sample size projection (N = 80) was based on a power analysis and on our
previous pilot study.18 Children with a diagnosis of ADHD were recruited by screening the
records of current Huff Center patients. Parents were contacted to describe the study and those
Sandler et al. Page 2













who expressed interest came with their child to an enrollment visit that included detailed
description of the study, informed consent for parents, and child assent. Children who were
enrolled following screening, recruitment, and informed consent/assent then proceeded to the
diagnostic assessment phase of the study to confirm their ADHD diagnosis, comorbid
conditions, and eligibility based on formal assessment of inclusion and exclusion criteria. The
research protocol was aproved by Mission Hospitals’ Institutional Review Board.
Inclusion criteria were: (1) between ages 6 and 12 years (grades KG-6), (2) diagnosed ADHD,
(3) in residence with same primary caregivers for the last 6 months or longer. Exclusion criteria
were: (1) major neurological or medical illness, e.g., epilepsy, cerebral palsy (2) suspected
mental retardation or IQ below 80, (3) diagnosis of psychosis, bipolar disorder or autism
spectrum disorder (4) history of intolerance to several stimulant medications, and (5) current
use of psychotropic medications other than stimulants.
The diagnosis of ADHD was validated for each child using medical examination and the
Diagnostic Interview Schedules for Children (DISC) Predictive Scales– parent report version
(version 3.0) prior to each child’s entry into the study. Medical examination included careful
review of records, history, physical and neurological examination, consistent with recent
published clinical guidelines.19 The Vanderbilt Parent and Teacher Rating Scales (described
below) were obtained to assist in the diagnostic process and to quantify severity of ADHD
symptoms and impairment at the time of the diagnostic assessment. Also, the DISC (described
below) was used to identify the presence of comorbid conditions (e.g. oppositional defiant
disorder, conduct disorder, depression, anxiety disorders), that were included in post-hoc
analyses of child factors related to treatment response.
Ninety nine subjects were enrolled, and 70 completed the study. All subject met DSM-IV
criteria for ADHD. Sample demographics are included in Table 1. The sample was
representative of the pediatric clinic population from which it was drawn. Most of the children
were white, and 68% were male. Average parent educational level was high school graduation.
As in most clinical samples of children with ADHD, the sample had a high prevalence of other
mental health symptoms based on DISC, including oppositional behavior, depressed mood and
anxiety.
Procedures
First, a one-month dose finding procedure (randomized, double-blind, crossover design than
included washout, placebo, low dose, and high dose conditions of one week each) determined
the most effective dose of stimulant medication for each participant. ADHD symptoms and
medication side effects were measured three times each week using the IOWA Conners parent
and teacher rating scales and the Pittsburgh Side Effects Rating Scale (PSERS). Low dose was
0.3 mg/kg/day extended-release mixed amphetamine salts (MAS-XR) and high dose was 0.6
mg/kg/day MAS-XR. The order of treatment conditions was randomized. For the entire group,
parent-reported ADHD symptom severity (IOWA-P) was lowest during the high dose week
relative to the low dose week and the placebo week (F (2, 172) = 3.06, p = .001). There were
no significant differences between the three dose conditions (high, low, placebo) on parent-
reported severity of side effects (p > .05); there was a trend for higher reported severity of side
effects at high dose conditions. Optimal dose (lowest ADHD symptoms rating and lowest side
effects rating) was determined for each participant; for 65% of the participants optimal response
was during the high dose week, for 26% of the participants optimal response was during the
low dose week, for 3% of the participants optimal response was during the placebo week, and
6% of the participants showed an equivocal pattern of response across the weeks. Six children
who experienced treatment-limiting side effects at both doses or who were unable to complete
the dose finding phase successfully were excluded from further participation in the study and
referred for clinic management.
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Next, 93 subjects who completed the dose finding procedure were randomly assigned to one
of three open-label groups (see table 1). The groups did not differ significantly in terms of
demographic factors (age, gender, maternal education level) or clinical factors (parent or
teacher rated severity of ADHD symptoms) at the baseline point prior to randomization for the
dose reduction phase (all p’s > 0.05). Twenty three subjects (24.7% of the 93 subjects
randomized) did not complete the study (9/31 [29%] in FD group, 6/29 [21%] in RD group,
and 8/33 [24%] in RD/P group), with no differences in % of subjects who did not complete
among the three groups.
We attempted to interview each of the 29 non-completer’s parents to determine the reasons for
withdrawal. Most responded, and some gave more than one reason. Their responses can be
grouped into 4 main categories:
• Satisfaction with current ADHD treatment, not wanting to change (8 provided this
reason)
• Behavioral or school problems during the washout week and/or placebo week of Dose
Finding (3 provided this reason)
• Emergent side effects and/or perceived lack of effectiveness of Adderall (9 provided
this reason)
• Other reason, no reason given or lost to follow-up (12 subjects)
The control group (n=22) took their full, most effective dose of medication for two months
(Full Dose group– FD). The comparison group (n=23) took their most effective dose for one
month and then took 50% of that dose for the second month (Reduced Dose group– RD). The
experimental group (n=25) had the conditioned placebo dose reduction (CPDR) procedure.
They took their most effective dose for the first month plus an additional visually distinctive
capsule—the placebo—and then took 50% of that dose for the second month along with the
placebo (Reduced Dose plus Placebo group– RD/P). Parent rating scales were obtained three
times each week and teacher rating scales twice each week to monitor ADHD symptoms and
side effects.
Open-Label Placebo and Developmental Scripts
A deliberate effort to condition a response to placebo was made by pairing placebo with
stimulant medication, based on methods described by Suchman and Ader.20 It is important to
note that the CPDR procedure used an ethical “open label” (not blind) method of treatment
delivery. Placebos were administered with full disclosure, i.e., children and parents were told
explicitly at the beginning of the study that the inert capsule was a placebo that contained no
active pharmaceutical ingredients. Also, they were told the study was designed to determine
if the procedure was effective. In keeping with a proof of concept study, we were neutral
regarding the likelihood of success. Positive expectancy was maintained, however, by referring
to the placebo both as a placebo and as a Dose Extender. If either the child or parent raised
questions about possible mechanisms of placebo effects, we briefly discussed possibilities of
mind-body interactions, expectancy and conditioning (described as “a kind of learning”).
During the discussion, prompts were given to solicit questions from parents regarding the
placebo, and parents’ questions were noted in order to infer their understanding of and attitudes
towards placebo use. Children randomized to the RD/P group had an additional discussion of
the placebo with the study physician, during which the green and white placebo capsule was
shown to the children and explained. To standardize the discussion about the placebo, scripts
were developed and pilot tested on children of different ages. The scripts were developmental,
i.e., there were different scripts for children of ages 6–7 years, 8–9 years, and 10–12 years.
Further details of the qualitative aspects of this research are included elsewhere.21
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Responses to the medications were determined through quantitative analysis of several
measures completed by parents (IOWA Conners-Parent Version, Pittsburgh Side Effects
Rating Scale) three times each week and measures completed by the child’s teacher (IOWA
Conners-Parent Version, Pittsburgh Side Effects Rating Scale) twice each week. The parent-
completed measures were not blind and were therefore subject to bias. In addition, an objective
measure of attention was obtained on each subject at baseline, at week 4 and at week 8 using
a computer task (Conners Continuous Performance Test II).
Diagnostic Interview Schedule for Children–parent version (DISC)—The DISC is
a standardized, structured clinical interview to identify psychiatric disorders in children.
Parents were used as informants. The DISC screens for DSM-IV based diagnosis of childhood
disorders.
Inattention/Overactivity With Aggression (IOWA) Conners Rating scale (parent
& teacher versions)—The IOWA Conners scale is a standardized rating scale widely used
in treatment studies of ADHD. The overall score for both the Parent and Teacher versions were
used as the outcome measure.
NICHQ Vanderbilt Parent and Teacher Assessment Scales—These rating scales
have been validated in studies of ADHD. The scale includes all DSM-IV ADHD items and a
measure of overall impairment. In addition, the Vanderbilt scales include factors of conduct
problems, anxiety and depression, making them especially helpful as part of the diagnostic
assessment of study subjects.
Pittsburgh Side Effects Rating Scale (PSERS)—The PSERS is a standardized parent-
completed stimulant side effect rating scale used in drug treatment research with children with
ADHD. The PSERS measures the presence/absence and severity of 13 potential side effects
(tics, tongue movements, skin picking, anxious, sleepy, headache, stomach ache, irritable, cries
easily, appetite loss, tremor, nausea, difficulty sleeping).
Conners Continuous Performance Test (CPT)—The CPT is a standard measure of
sustained attention performance used in drug treatment studies for children with ADHD. The
Conners CPT is a computerized task in which letters are presented on a computer screen, and
the subjected is instructed to respond (pressing the space bar) quickly after a letter is presented,
unless the letter is an “X”. There are normative data as young as 6 years of age. The primary
outcome measures include a series of age-based scores that are related to reaction times,
omission errors, commission errors, and variability.
RESULTS
ADHD symptom severity (IOWA)
For parent-reported symptom severity (IOWA-P) the RD group showed a pattern of increased
symptom severity over time relative to the FD and RD/P groups who showed little change in
symptom severity over time (F (14, 166) = 2.89, p = 0.0004). The RD group differed from the
other groups at the first through fourth weeks after dose reduction (weeks 5, 6, 7 and 8) (all
p’s < .01). The effect size (d) at week 8 for the comparison of the RD/P and the RD groups
was 1.27, and for the comparison of the FD and the RD groups was 1.10. The RD/P group
showed a pattern of symptom severity over time similar to the FD group at all weeks (all p’s
> .10). For teacher-reported severity (IOWA-T), there were no significant differences between
the three groups at any time point (all p’s > .10).
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Continuous performance test (CPT)
There was a marginally significant decrease in overall attentional performance (CPT T score)
from baseline to post-test (week 8) for the FD group relative to the RD group and the RD/P
group (F(2, 60) = 2.59, p = .08). The RD/P group showed a pattern of maintained attentional
performance (i.e. no change in performance from baseline to post-test at week 8) (p > .10).
Side effects (PSERS)
For parent reported medication side effects (PSERS) the RD group showed a pattern of
increased reported side effect severity over time relative to the FD and RD/P (F(14, 252) =
2.67, p = .006). The RD group differed from the other groups at the second and third weeks
after dose reduction (weeks 6,7). The effect size (d) at week 7 for the comparison of the RD/
P and the RD groups was 1.03, and for the comparison of the FD and the RD groups was 0.99.
The RD group showed an average increase in reported side effect severity from week 1 to week
7 (p < .001) and the RD/P group showed an average decrease in reported side effect severity
over this time period (p < .01).
Based on a comparison of week 1 and week 8 (% change) parent IOWA ratings, most subjects
in the RD/P group remained stable during the treatment phase. ADHD symptoms showed a
25% or greater improvement in 36% of subjects in the RD/P group and in 20% of subjects in
the FD group during the course of treatment. In contrast, most in the RD group deteriorated
(none showed 25% or greater improvement).
CONCLUSIONS
As expected, reducing the dose by 50 % in the RD group led to clinically significant
deterioration in ADHD control. In contrast, children with RD/P group maintained effective
ADHD symptom control based on parent IOWA ratings during the four-week period after dose
reduction. Control of ADHD symptoms was no different in this group than in the FD group.
Parents and children were generally accepting of the treatment. The majority of parents reported
treatment benefits and expressed supportive attitudes towards the CPDR treatment.21 A
majority of the children found the placebo to be useful. An additional provocative finding is
that disclosing the true nature of the placebo did not appear to negate the placebo’s
effectiveness.
Although poor ADHD control during washout and Dose Finding contributed to
discontinuation, treatment acceptability related to the placebo dose reduction was not cited as
a reason for discontinuation. Only one subject discontinued because the child did not wish to
swallow an additional placebo. Our published data on the qualitative aspects of the study show
that the placebo dose reduction treatment had a high level of acceptability to children and their
parents.21
A comparison of retention of subjects in recent ADHD clinical trials shows that our rate of
attrition (approximately 25%) is similar or lower than most. For example, in a recent trial of
extended-release guanfacine, 113 of 324 (35%) did not complete the study.22
Unlike parents, teachers were blind to treatment status of subjects. Teacher ratings failed to
show improvement in ADHD symptom control. This may indicate that parent responses were
biased by expectancy. However, we had much more difficulty obtaining responses from
teachers, limiting our ability to detect real differences. Our results are consistent with Pliszka
et al,23 who reported larger placebo effect on parents’ ratings than on teachers’ ratings.
We hypothesized that CPDR would lead to decreased stimulant-related side effects. We found
this to be partially true, in that the side effect rate remained low during dose reduction in the
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RD/P group. In contrast, side effects increased significantly in the RD group. This was a
surprising finding, best explained by the global deterioration in these children as their ADHD
became poorly controlled. Indeed, some of the items of the PSERS (sad, tearful; stomach ache;
tired, sleepy) may be more indicative of uncontrolled ADHD itself than stimulant side effects.
Placebo effects in ADHD clinical trials are usually measured as changes in rating scales of
behavior. The effects on objective measures of behavior are not well established. For this
reason, we were eager to determine if CPDR would allow children with ADHD to maintain
their performance on a CPT. We found that CPT performance in the three groups were not
significantly different at baseline or at post-test. There was a trend for the children in the FD
group to show deterioration in CPT performance. This was unexpected, but may reflect the
fact that research visits were in the mid-afternoon so as not to interfere with school, and subjects
were likely to have done their CPTs at a time when they were “coming off” their dose of
stimulant. Rebound effects, irritability and poor CPT performance would be more likely to
occur in subjects on higher doses of stimulant medication. It is also possible that the higher
doses of stimulant needed for behavioral control impaired cognitive performance.
Research in placebo effects suggests several mechanisms.9 Recent evidence implicates
neurochemical and neurophysiological changes due to placebo.24, 25 Positive expectancy –the
expectation of treatment benefit leading to behavioral change– has been shown to contribute
to stimulant effects,26 although studies using balanced placebo designs have shown a lack of
expectancy effects among boys with ADHD treated with stimulants.27, 28 Participation in
clinical research may itself be therapeutic.29 Changes in caregiver behavior may be an
important participation effect that is especially relevant to treatment of children with
developmental disorders.30
Our study does not help to answer important questions about mechanisms of placebo effects.
We recognized that establishing both potential conditioned effects (by pairing the placebo with
100% stimulant dose) and potential expectancy effects (describing the placebo as a “dose
extender”) negated the possibility that we can determine which of these mechanisms
contributed to the resultant effects of the CPDR procedure. However, the primary purpose of
this study was proof of a novel treatment concept and preliminary evidence of efficacy. Since
a demonstration of efficacy must precede examination of mechanism, we designed our
procedure accordingly.
One might consider whether merely a discussion with the parent about the potential benefits
of a reduced dosage of the medication would have accomplished the same thing as the use of
a placebo. Clinical experience suggests otherwise. Efforts to decrease doses of stimulants very
often lead to symptom relapse, even when the parent wants to have the child on a low dose.
Moreover, the RD group did poorly, with marked deterioration in ADHD control, despite their
parents’ desire to have their children treated with lower doses of stimulant. This suggests that
the addition of the open-label placebo was a critical element in the effectiveness of the
conditioned placebo dose reduction treatment.
As progress is made in understanding mechanisms of placebo effects, we should remain open
to ethical innovative uses of placebo effects that complement established therapeutic
approaches. Children with ADHD may be a group of patients who could benefit greatly from
such novel treatments.
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Mean (and 95% confidence interval) parent-reported severity of ADHD symptoms (IOWA-P)
for each group over the 8 week treatment period. Green represents the Reduced Dose (RD)
group; red represents the Full Dose (FD) group; blue represents the Reduced Dose plus Placebo
(RD/P) group. Note that for the RD and RD/P groups, dose reduction was begun between week
4 and week 5.
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Mean (and 95% confidence interval) parent-reported severity of side effects (PSERS) for each
group over the 8 week treatment period. Green represents the Reduced Dose (RD) group; red
represents the Full Dose (FD) group; blue represents the Reduced Dose plus Placebo (RD/P)
group. Note that for the RD and RD/P groups, dose reduction was begun between week 4 and
week 5.
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TABLE 1
Subject Disposition, and Demographic and Clinical Description for the Three Groups at Baseline
Subjects assessed as eligible 137
Withdrew before starting study 38
Subjects entering Dose Finding 99
Withdrew during Dose Finding 6
Subjects completing Dose Finding 93
Randomized 93
Completed 70
Full Dose (FD) (n = 31) Reduced Dose (RD) (n = 29) Reduced Dose/Placebo (RD/P) (n = 33)
Age, years
 Mean (SD) 9.6 (1.8) 9.7 (1.9) 9.6 (1.8)
Sex, boys, n (%) 21 (68) 20 (69) 22 (67)
Race, white, n (%) 29 (94) 27 (93) 31 (94)
Primary diagnosis
 ADHD-C, n (%) 20 (63) 18 (62) 21 (64)
 ADHD-I, n (%) 11 (37) 11 (38) 12 (36)
Comorbid diagnosis*
 ODD, n (%) 12 (39) 13 (45) 11 (33)
 CD, n (%) 3 (10) 2 (7) 3 (9)
 DEPR, n (%) 12 (39) 10 (34) 13 (39)
 GAD, n (%) 7 (23) 5 (17) 7 (21)
Discontinued, n 9 6 8
Completed, n 22 23 25
Note: p > .05 for all comparisons. ADHD-C = ADHD (combined type); ADHD-I = ADHD (inattentive type); ODD = oppositional defiant disorder;
CD = conduct disorder; DEPR = depression; GAD = generalized anxiety disorder
*
denotes likelihood of comorbid diagnosis based on screening with DISC– Parent Version
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